J 



Europafsches Patentamt 
European Pat nt Office 
Office europeen des brevets 



® Publication number: 



0 506 232 A1 



© 



© Application number: 92301577.0 
@ Date of filing: 25.02.92 



EUROPEAN PATENT APPLICATION 

© Int. CI. 5 : B41J 2/04, B41J 2/175 



© Priority: 26.03.91 US 675987 


© Applicant: VIDEOJET SYSTEMS 




INTERNATIONAL, INC. 


@ Date of publication of application: 


1500 Mittel Boulevard 


30.09.92 Bulletin 92/40 


Wooddale, Illinois 60191-1073(US) 


® Designated Contracting States: 


@ Inventor: Sharpe, Colin R. 


CHDEFRGBLI 


3217 W. Belle Plaine Avenue 




Chicago, Illinois 60618(US) 




Inventor: Keur, Robert 1. 




7138 Lill Street 




Nlles, Illinois 60648(US) 




© Representative: Goddin, Jeremy Robert et al 




GEOPatent Department, GEC-Marconi 




Research Centre, West Hannfngfield Road 




Great Baddow, Chelmsford, Essex CM2 




8HH(GB) 



® Valve assembly for ink jet printer. 

(§) A valve (5) for a drop on demand ink jet printer employing a lever seal (10) in a housing (20) to control the 
frequency and quantity of ink delivered to a printing material such as paper. 
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BACKGROUND OF THE INVENTION 

m ark«T*r S ° n d T 3 ?. d Pfintin9 d6ViCeS ' Which deliver ink dr °P ,ets t0 P a P er ° r other material to be 
ZSh « ! "S SUCf l mechanisms include - *> r ^mple, remote solenoid valves feeding nozzles 

Z%tl £ , tub,n9 -, S0 f n o 0id valves °P erati "9 at the nozzie. and solenoids operating via flexible or 
rigid cable. See, for example, U.S. Patents No. 4,723.131, No. 4,576,111 and No. 4,809.017. These systems 
produce large drops suitable for large character printing such as that employed on cardboard cartons 
ouhiteh«I Tf? fo« P , 0r "* V3lVe d6ViCe iS Sh0wn in PCT '"^national Publication No. WO 85/01103. 

clfJinn ? » L ^ ** deV ' C9, * C ° U driven ma9ne,ic reed °P erates aa a vlv for opening an 
closing an ink chamber, thereby dispensing drops of ink upon actuation of the valve 

^ S '? H a8 . 1h08 ? deS ° ribed suffer from a numbe ' of Problems. An important problem related to 
remote soleno.d devices ,s the low frequency response of the valve/nozzle assembly due to slow valve 

.nclud. TTS T" 48 ° f t0 66 6jeCted fr ° m n022,e - P roblems found «n earlier systems 

^L tL?, ' nt0 n ° 22le ' CaUSi " 9 Printin 9 errors ' and h, '9" Power requirements for 

actuating the solenoid driven valve drivers. 

Proximate valve assemblies, and assemblies employing cables between a solenoid and the ink delivery 

Z^ZT'T'** re " abi,ity Pr0b ' emS - additi0n ' the h * h manufacturing costs associated with such 

T^7eZ s dUenCy reSP ° nSe Pr ° blemS Hke ,h3t d9SCribed ab0ve - have limited «» acceptance of 

dJ^Z aSSemb,y j s used in sma » ****** printers (such as document printers). Such 

r f^T 3t ° rifiCe ° f the n022le to provide * e of a va 've This surface 

TS^t^ h Jt ^ l ° ^ ,Saka96 ,r ° m the ° rifice - A sma " orifice Iaa * than 

60 microns) must be used, and the surface tension of the ink must be high, to prevent leakage Such 

systems have not proved suitable for large character printers which require larger ink drops 

valv^Ttinn^l 6 " 1 f °i " d fn t many ° f the previously describ * d systems is contact between the ink and the 
valve actuating device In systems where such contact is permitted, the composition of the ink is required to 
be non-corros.ve to limit the damage caused by such contact. requirea to 

SUMMARY OF THE INVENTION 

a ™^ reSent J nV ? nti °r overcomes the P roblems fo "" d in previous ink jet delivery systems by providing 
%ZeW^T^l:T e ^ 18 iS0,at6d fr ° m *• aCtUatin9 d -ices such as solenoids. A 

vTe f 2SiiT q » enCy , reSponse " P roduced as a ™»K oi simple mechanical linkages actuating the 
va ve. In addrtion, the valve is s.mple to construct, and each valve may be readily combined with other 

X e v S o l' r0d r 8 Pr 'Tl ^ ^ Capab ' e ° f 9enerati " 9 ,ar9e or sma '' cna ^. Moreover.lce the 

^ >S t u°l ,,m,t !, d t0 3 Sma " ° rifiCe SiZS ° r t0 ink havin9 a hi 9 h surfac * tension, drop size may 
be vaned to obtain the des.red printing effect with few structural limitations 

a h 0 T u h s t S ;^f P - eSent inV ! nti0n P ,[ 0VideS 3 Va ' Ve asSembly for a dr °P on-demand ink jet printer comprising 
n ° n S 9 T 9 - an ' nk r Chamb8r ' in which a conduit for e i<**ing ink from the valve is formed in the 
na s rinteno e r n en S dd, a s n D 2? hT* Pf" 8 ^ ,eVer * PiVOta " y COnneCted to * e housin 9. which leS 

cond^t TZ Zt • ^ . . 6 mk Chamber 17,6 lever ! ncludes a means for sealin 9 a " d "pealing the 
conduit, so that ink is ejected when the conduit is unsealed 

anartlrnmon 6 " 1 '"l*"* 0 " f I 4 ° 3 pnnt head assembled ^m a plurality of such valves spaced 

T£n*tnl I S "f th3t 4,18 3rray ° f ValV8S may be """W to P rin * a Pattern correspond ng to 

an alphanumeric or other character or graphic design. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a sectional view of the valve of the present invention. 

~*HHL f, Pa ^ a ' perspective view of tt>e valve, showing two optional modifications of the valve to 
enhance stability and operation. 

presentinle^ & ^ ^ ° f * ^"^^ * ^ ass ° mb,ed lnto * according to the 

55 presentinten^ * " ^ aSSemb,ed lnt0 30 ™ for P rintin 9 characters, in accord with the 

DETAILED DESCRIPTION OF THE INVENTION 
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Referring to FIG. 1, a valve 5 is provided that includes an actuating lever 10 flexibly connected to the 
housing 20 at neck portions 30. Lever 10, housing 20 and neck 30 are preferably an integral assembly that 
is made from a suitable material, such as plastic, corrosion resistant metal or epoxy, which permits the lever 
to rotate in response to force applied at the external end. For ease of manufacture, this assembly is 
5 preferably made from injection molded plastic; it may, however, be die cut, etched, laser cut, or made by 
any other means. Neck portions 30 are notched or molded into housing 20, and are of such dimensions as 
to permit rotation of lever 10. 

As shown in FIG. 2, lever 10 may optionally be provided with a fulcrum pin 40 along the rotational axis 
of lever 10 to impart stability at the point about which rotation occurs. Alternatively, a pin 45 may be 
w inserted along the longitudinal axis of lever 10 to impart rigidity along the length of the lever, thereby 
ensuring that displacement of the outside end of lever 10 results in similar displacement of the inside end of 
lever 10. A pin having both horizontal and vertical components may also be molded in place at the 
intersection of lever 10 and neck portions 30. Such a longitudinal pin would be at least long enough to pass 
from the exterior end of the lever 10 to beyond the rotational axis of lever 10. 
75 Returning to FIG. 1, lever 10 may be fitted with a seal 35 at its end disposed inside housing 20. This 

seal preferably is made of an elastomer, but may be made of any ink-resistant material that will provide a 
good seal when ink flow is not desired. 

Housing 20 is provided with a conduit 60, which is preferably an integral assembly with housing 20. 
Conduit 60 includes bore 70 to permit ink to flow out through the valve via orifice 80. Lever 1 0 and conduit 
20 60 are disposed such that seal 35 rests snugly on a valve seat 90 formed on the end of conduit 60 when 
the lever is not displaced therefrom. 

In use, upon actuation by an external device 15, such as a solenoid, cable, mechanical linkage, 
pneumatic, hydraulic, or piezoelectric means, lever 10 pivots about its rotational axis. For example, a 
solenoid may be operably connected, by mechanical, adhesive or other means, to the end of lever 10 
25 disposed outside the valve. When delivery of ink from the valve is required, the solenoid may be actuated 
to move lever 10 downwardly. This downward motion on the exterior portion of the lever causes the interior 
portion to be raised, unsealing the conduit 60. 

Upon actuation of lever 10, ink, flows through the valve under pressure (typically, but not necessarily, at 
or below 10 psi, and preferably below 5 psl) and exits the valve through conduit 60 and orifice 80. The 
30 pressure head may be supplied by a pump or by a pressurized ink cartridge, or by other means. Bore 70 
may optionally be fitted with an insert, such as a metal or ceramic tube and/or a jeweled orifice to enhance 
the flow of ink through the conduit. 

It is important to note that this operation is different from the operation of conventional valves. In 
conventional devices, ink is released by the valve as a consequence of mechanical displacement. For 
35 example, the valve may take the form of a flexible membrane as shown in U.S. Patents No. 4,383,264 and 
No. 4,723,131. In such valves, a membrane is flexed to push ink through an orifice, and retracted to permit 
additional ink to be received for printing upon the next flexure. The present invention does not employ such 
a technique. Instead, the ink chamber is under substantially constant pressure. When conduit 60 is 
unsealed, ink flows out in response to such pressure. Immediately thereafter, reseating of the sea! 35 on 
ao conduit 60 terminates ink flow, resulting in the formation of an individual drop. 

The stream of ink exiting orifice 80 forms a drop which travels to the substrate to be marked. In 
combination, such dots form patterns corresponding to letters, numbers, symbols, or graphic designs and 
patterns. The size of the dot will depend upon drop size, which is a function of the amount of time the seal 
is unseated, the ink pressure, the ink composition and the orifice size. It is understood by those SKILLED in 
45 the art that the adjustment of such variables will be dependent upon the image to be printed, and that they 
may be readily determined from available data. 

In an ideal setting, the ink pressure forces a cylinder of ink out of the orifice 80 when the valve seal is 
opened, terminating upon the reseating of seal 35. The actual effect of the closing of the valve is to produce 
a teardrop-shaped ink drop as a result of the varying celerity C of the ink in the cylinder. The volume of this 
so drop for an orifice of diameter D may be calculated as follows: 

Vcyfinder^i &L (1) 

wherein the length of th cylinder L is equal to the average celerity C of th ink multiplied by the time T 
55 over which the valve seal is open. Substituting these valu s for L, Equation I may therefore be rewritten as: 

Vender = 5 &CT (II) 
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in ^IXr.^oi ST* us ; no r ,ectronic with - — 

the ink will vary as a function of 2 P ?J^Z ZfaTL T™^ dr ° P V °' Ume - The celeri * ° of 
increases, as does the size of tte droi^stlS 2 l^L! * inCreaS6d ' * B celeri1 * of » e ink 
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TABLE I 



Orifice Size: 
Ink Pressure: 
Celerity: 
Time: 
Viscosity: 



120-300 a 
3-5 psi 
300-600 cm/s 
1 ms 
1 .5-5 cp 
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accompKsh such an assembj' mounC^es 50 fsno^T "* 38 ^ in RG " 3 " T ° 
linkage of a plurality of valves ( FIG " 1) are provided in *°™"Q 20 to permit 

^~&»f^'E££^,?o Eah^ C ° ntemP,ated * - ^e 
a spacer 120 and a gasket 130 Th^spaSS Ze lXrM » fr °™ an adjacent valve by 

rigid plastic, while the gaskets are prefS S *™ V ^ * rigid material - such « ^netal or 
also be desirable to combine ITSStd SetSoVsfnl """" SUCh 38 an elast0 ™- » «•«* 
spacer and gasket to permit the coSr tfns^io to 2e U*£ component Holes are provided in each 
also includes end plates 140 to seal ttZZJTJ JL f d thr0U9h them - 706 valve assembly of FIG. 3 
an enciosed ink chamber. A gasket t30 s ^JLmv TL**T *" "J* ^ ^ defi ™9 
valve 5 to provide a seal. End plates 140 alS Se £S2J?ST P,ate 140 3nd itS 

pressure, into and out of the valve aiemWy ^ POrtS 150 to permit flow of ^cler 

°rifi~TeU^ ^ ^ * 6 V3,Ves *- ink through the 

produced by other valv^n Tatse^bly A^samTtimf ^ "f * ST""™* and **« f ™ ** 
apart as to produce patterns of dots^'cTn* S seeTto "L"* ° rdinari,y * Sp3C9d 50 far 

observer. Winn0t 00 seen to form a character or symbol by the ordinary 

^^^J^£S^» Sh T RG - 3 s "° uld ^ sufficient to form the desired 
the corresponding dot S S printed oT thf dete ™ ina ti°n are the size of orifice 80 

characteristics ofLdes Z i ^rZ^nX^LT "J ° f the ink used ' ^ 

For example, an assembly of sever TvaTvffvlS J ^ to make ™* termination, 

matrix, as shown in FIG. i AddtonaTJalv- ma^ * ^ " ne ° f 3 Seven - dot hi 9" Panting 

larger characters. Valves may be ™&oyed to produce muftiple lines of characters or 

are n^mTnUo ZT^T^^^™™ * «nbo*^ and conditions, which 

that variations from the embodiments^nr C ondSory TT^ ^ SM in the m wi » understand 
the invention as c.aimed in fended S ^ ™* be made without de P a rting from 
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and (3) means disposed on said first end for sealing said conduit to prevent ink from issuing from 
said orifice 

d) means for periodically pivoting said lever arm to unseal said conduit, thereby to permit ink to 
issue from said orifice. 

5 

2. The valve element according to Claim 1 wherein said lever arm is formed as an integral part of said 
housing end wall. 

3. The valve element of Claim 1 wherein said lever arm pivots about the point where it joins the housing 
10 end wall, said end wall having a fulcrum pin inserted therein to reinforce the pivot point. 

4. The valve element of Claim 1 wherein said conduit further includes an insert to enhance ink flow 
therethrough. 

75 5. The print head assembly of Claim 4, further including spacing means interposed between the valves, 
said spacing means including resilient seals to prevent leakage. 

6. A print head assembly for a drop on demand ink jet printer comprising: 

a) a plurality of valve elements each including: 

20 i) a housing having end wails, but no sides defining an internal space for receiving a pressurized 

ink supply; 

ii) a conduit formed in an end wall of the housing and having an orifice for permitting ink drops to 
issue therefrom; 

iii) an elongated lever arm pivotally secured to an end wall of said housing, said lever arm having 
25 a first end disposed within said housing and carrying means for sealing said conduit to prevent 

ink from issuing from said orifice and a second end extending externally of said housing. 

b) end plates disposed at opposite ends of said assembly; said end plates including ports for the 
inflow or outflow of ink; 

c) means for securing said valve elements and end plates together to form a print head assembly 
30 with an internal reservoir; and 

d) actuating means for pivoting selected ones of said lever arms to unseal said conduits to permit 
ink to flow there through, said actuating means being operable independently of one another. 



35 



40 



45 



50 



55 



EP 0 506 232 A1 




EP 0 506 232 A1 





FIG.4 



7 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



EP 92 30 1577 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Oration of i 



CLASSIFICATION OF THE 
APPLICATION (Int. CU5 ) 



A 
A 



US-A-4 739 347 (IS HI KAMA) 

* column 3 B line 40 - column 5, line 13; figures 
1.2 * 

VO-A-8 60S 722 (JOHN LANE) 

* column 2, line 33 - column 6, line 34; figures 

1.2 - 

US-A-4 462 428 (GUENTHER) 

* column 2. line 29 - column 3. line 6; figures 
l.Z * 

US-A-4 450 375 (SIEGAL) 

* column 2, line 22 - column 4, line 22; figures 

2.3 * 

US-A-4 438 441 (HOLMGREN) 
FR-A-2 254 437 (PHILIPS) 



The 



i report has been drawn up for all claims 



1.3,4,6 



1-4,6 



1.3.6 



1-3.6 



B41J2/04 
B41J2/175 



TECHNICAL FIELDS 
SEARCHED Out. GLS ) 



B41J 



Plana! Marc* 

THE HAGUE 



06 MAY 1992 



ADAM E.M.P. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant rf taken alone 

Y ; particularly raiavaat if eotabineu with soother 

*ocua«nt of the z 
A : technolog 
O : Don-wrttt 

P : irternoiiate soauaaat 



T:t 
E:c 



D: 
L: 



tdtoiin 



dole underlying the tnvu 
document, but published 
i lata 



invention 



* : member of the s 



BNSDOCID: <EP 0S06232A1J_> 



EP 0 506 232 Al 




EP0S06 232A1 





FIG.4 



BNSDOCID:<EP 0506232A1T1 > 



7 



